Abstract. The phase changes which occur on total reflection are modified when a metal plate is placed near and parallel to a totally reflecting boundary. In particuiar the phase difference between plane waves of equal amplitude, polarized in and perpendicular to the plane of incidence, can be varied from -T through zero and up to the value obtained without the plate. When the refractive index is greater than or equal to 1 + d 2 , there are two positions of the plate for which the reflected wave is circularly polarized, and in which the electric vector rotates in opposite directions.
T a totally reflecting boundary the field existing in the less dense medium is due to an inhomogeneous plane wave, which is effective at distances
A up to about a wavelength from the boundary. The presence of a metal plate in the less dense medium a small distance from the boundary may be expected to modify the boundary conditions, and if the incident radiation has components in and perpendicular to the plane of incidence, this modification will be shown by a change in polarization of the reflected waves. Apart from limitations on aperture size and possible diffraction errors, the investigation of the phenomena is facilitated at wavelengths in the microwave region, where accurate control of the polarization and intensity can also be effected with waveguide techniques. The measurements have thus been made with a microwave analogue of the optical spectrometer, and a 45" totally reflecting Perspex prism, together with an arrangement whereby the plate can be set parallel to the totally reflecting surface and its distance from it accurately determined. The phase change was measured for various distances of the metal plate and the results compared with theory.
$2. THEORY
The method of analysis is similar to that given by Stratton (1941). We mume that the transmitting horn provides a plane wave, and neglect any diffraction effects due to the edges of the prism. We also assume that the prism * The work described in the paper comprises part of a thesis approved by the University Of London for the award of the degree of Ph.D.
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has the permeability of free space with no conductivity, and neglect any reflections which occur at its faces. The metal plate is assumed to be a perfect conductor. The coordinate system and arrangement of the media are shown in fig, 1 , where a plane wave travelling in a medium of refractive index N is incident on a plane interface separating the medium from free space. Parallel to this interface and at a distance d from it is a perfectly conducting plane. The waves existing in the system may be determined from the boundary conditions, viz, that the tangential components of the electric and magnetic intensities are continuous across the planes y = 0 and y = d. With the direction of propagation in the plane z = 0 this leads to the following results, where the variation with time is omitted.
If the incident wave is polarized with the electric field Similarly if the incident wave is polarized with the magnetic field perpendicular to the plane of incidence, the magnetic field of the reflected wave in the region h,
where h, is the amplitude of the magnetic field in the incident wave.
Total reflection occurs in the absence of the metal plate when N cos e 2 1 and the proviso that the transmitted wave be exponentially damped requires that
where the positive sign of the square root is taken. Equations (3) and (4) are not affected by the presence of the metal plate.
With the metal plate present and the incident wave polarized at 45" to the normal to the plane of incidence, let e,' and e," refer to the electric fields in the incident waves with the electric vector normal and parallel respectively to the plane of incidence. Let e,' exp (is') and e," exp (is") similarly refer to the ...
where a = N ( N 2 -1) cos2 O/(p sin e).
Since d must be real and positive, it follows that the condition for tan 46 = 1 to occur is and that the negative sign must be taken before the radicle. Hence if 2N/(N2-1)>1, eqn. (8) cannot be satisfied for any angle of incidence, and there is no position of the plate at which this type of circular polarization occurs. If N 2 1 + 4 2 the reflected wave is circularly polarized for any angle of incidence which satisfies eqn. (8)) provided that the metal plate is at a distance given by eqn. (7). The reflected wave is also circularly polarized when tan 46 = -1, and it is found that, when N and 6 have any values such that total reflection occurs, there is always a position of the metal plate for which circular polarization occurs, and the distance d is then given by ..
. (9)
When N > 1 + d 2 there are thus two possible positions of the metal plate at which circular polarization Occurs for angles of incidence satisfying eqn. (8), and in these two positions the electric vector rotates in opposite directions. Figure 2 shows the calculated curves for an angle of incidence of 30" and various values of dielectric constant, and shows that the two positions can be obtained for this angle of incidence. It can also be shown that a phase difference of +goo cannot be obtained no matter how high the dielectric constant, when the angle of incidence is 45". This is because the inequality in eqn. (8) is never Satisfied.
W. Cubhaw and D. S. Jones § 3. EXPERIMENTAL T h e klystron valve shown in fig. 3 generates radiation of wavelength about 1-25 cm into a rectangular waveguide, which is then tapered up to form a horn aperture 3 in. square. T h e horn is 15 cm long, and a polystyrene lens is used to reduce the divergence of the radiated energy. T h e surfaces of this lens are matched to free space to reduce reflections from them.
A similar horn and lens forms the receiving aperture ; the radiation received is then fed into a crystal detector and the rectified current observed on a galvanometer. T h e horns are mounted on radial slides which can rotate about the centre of a circular base 1 metre in diameter. Since the rectangular waveguide propagates only the HI, mode, in which the electric vector is normal to the larger face, this system automatically fixes the polarization of the field which is radiated or received. T h e supports which carry the horns on the slides are thus provided with a cylindrical graduated head, in which the horns can be rotated about their axes in order to change this polarization.
T h e totally reflecting surface of the prism is mounted vertically over the centre of the spectrometer, with its faces perpendicular to the axes of the horns, which are set 90" apart on the base scale, and distant 38 cm from the centre. The incident electric field was usually polarized at 45" to the plane of incidence to give equal components perpendicular and parallel to it. Denote the phase change on total reflection between these two components by 6 ; then it follows that cos 6 = Pnms -P m i n . . . .*.(lo) Pmax + P n u n where PmaS and PIllin are the maximum and minimum powers received as the receiving horn is rotated about its axis. Note also that provided the amplitudes of the signals remain equal, the axes of the resultant ellipses will always be at 45" +n + 45" to the horizontal whatever the phase change.
The measured variation of 6 with distance d of the plate is shown in fig. 4 , together with the theoretical curve for Perspex for angle of incidence 45" ; the agreement between the two curves is quite good. From the experimental curve, it is Seen that the phase change 6 is -90" when d = 0.084 cm, and is zero, and the From the asymptotic value of the phase change 6 and d becomes large, and the well-known result for the phase change on total reflection without the metal plate (Stratton 1941) , the dielectric constant of Perspex may be deduced.
A value of 2.56 is thus found for this, a result which is about 4% below the correct value, but in view of diffraction errors and the scattering of radiation by the prism we may regard the agreement as reasonable. changes sign and the axes are interchanged. The cusp then decreases to when 6 =0, and then finally increases so that the curve at d-0.971 cm is approximately that obtained with d infinite. We note also that the axes of the ellipses incident on the receiving horn are all inclined at approximately 450 to the x axis.
CONCLUSIONS
The agreement between the theoretical curve, which assumes incident plane waves of equal amplitude, and the experimental curve obtained with apertures 3 in square is quite good. It would seem that the discrepancy occurs because the conditions are not those of a simple plane wave, but of the angular distribution of plane waves which constitutes the diffraction pattern of the aperture field, T h e equality of amplitudes assumed theoretically may therefore not be maintained, due to diffraction and lack of symmetry in the scatter of radiation by the prism, I n view of these difficulties the agreement with theory is regarded as satisfactory, Due to the lack of material with the required dielectric constant, no experimental confirmation has been obtained of the theoretical result, that circular polarization should be obtained at two positions of the metal plate for suitable values of dielectric constant and angle of incidence. It seems clear, however, that these positions should exist for angles of incidence satisfying the inequality of eqn. (8), when the dielectric constant is equal to or greater than (1 + 2/2)2. One way of verifying this would be to use two prisms and two metal plates, when two positions of the plates for circular polarization should be found.
These experiments are an elegant way of showing the presence of the evanescent wave beyond a totally reflecting boundary, and show how it may be utilized to produce millimetre waves of various polarizations, including circular polarized waves, by the use of optical methods alone. This may prove extremely useful in this field where the existence of a doubly refracting material for such purposes seems improbable due to the vast difference between conditions at optical and millimetre wavelengths.
